We present a wage-hours contract designed to minimize costly turnover given investments in specific training combined with firm and worker information asymmetries. It may be optimal for the parties to work 'long hours' remunerated at premium rates for guaranteed overtime hours. Based on British plant and machine operatives, we test three predictions. First, trained workers with longer tenure are more likely to work overtime. Second, hourly overtime pay exceeds the value of marginal product while the basic hourly wage is less than the value of marginal product. Third, the basic hourly wage is negatively related to the overtime premium.
Introduction
Efficient long-term contracts must set hours of work as well as wages (Lazear, 1981; Kahn and Lang, 1992) . For most workers, the wage rate and the number of hours are set such that the hourly wage is constant over all per period hours. For an important sub-set of workers, however, marginal hours are remunerated at premium overtime rates. What is the rationale for setting two rates -a basic rate and a premium rate -in terms of contract efficiency? Extending a wage contract structure proposed by Carmichael (1983) , designed to minimize costly turnover given sunk investments in specific capital as well as information asymmetries, Hart and Ma (2010) develop a wagehours contract explanation which recognises that it may be optimal for the bargaining parties to agree a contract designed to encourage long hours of work. It establishes the need to pay a premium in excess of basic rates for overtime hours.
Our wage-hours contract offers an alternative derivation of the negative wagepremium trade-off established in earlier work. The best known is the hedonic wage model of Lewis (1969) . It describes the 'market equalising wage curve' that reflects the preference of employees and employers who are brought together in equilibrium with labor demand equal to labor supply at all job (i.e. hours) lengths. In essence, the parties agree compensation packages based the worker's objective of finding earnings/hours combinations that maximise utility coupled with the firm's objective of profit maximisation (see Kinoshita, 1987; Trejo, 1991) .
After setting out the basic model, we undertake empirical work based on longitudinal panel data in respect of British blue-collar plant and machine operatives. This is a relatively homogeneous occupational group in which the incidence of working paid overtime is high. Unlike the United States, there is no regulation on the overtime premium in Britain. We explore three predicted outcomes from the wage-hours contract. First, overtime firms have an incentive to guarantee an overtime premium for extra hours undertaken by trained workers with relatively long job tenure. Second, contract efficiency dictates that the overtime premium is set such that hourly overtime pay exceeds the value of marginal product while the basic hourly wage is less than the value of marginal product. Third, the wage-hours contract contains a compensating rule in which the basic contractual wage is negatively related to the overtime premium.
Overtime working and an efficient wage-hours contract
We outline the essential features of our wage-hours contract model. Full technical details can be found in Hart and Ma (2010) . Following a contract design originally proposed by Hashimoto (1981) and Carmichael (1983) , the contract incorporates informational asymmetries between the bargaining parties. There are transaction costs of verifying and communicating information in respect of the value of the marginal product (VMP) and the alternative hourly wage (w a ). We assume that the firm observes VMP and the worker observes w a . The firm and the marginal worker negotiate a job contract at the beginning of period 1 and there is no subsequent renegotiation. The contract contains an agreed value of investment return. For example, it may be simple to verify some of the elements that signal the level of productivity, such as the state of current and future orders for the firm's product.
However, transaction costs preclude ex post agreement over the way in which random elements produce deviations from the agreed value (Hashimoto and Yu, 1980) . The marginal worker's pre-entry endowment of general human capital is worth w a in the spot market and this is not augmented within the firm. Specific job training is undertaken at a fixed (i.e. hours-independent) weekly cost. In period 1, the worker has hourly productivity VMP 1 equal to w a minus the hourly training cost. At the start of period 2 the worker is fully trained, with productivity VMP 2 , and no further training takes place. First and second period hourly wages are denoted w 1 and w 2 , respectively.
Weekly hours in the firm are denoted by h and in alternative employment by h a . Weekly earnings net of the disutility of providing weekly hours are expressed y = w. h -d(h would be set such that
The firm pays an overtime premium k > 1 to compensate the worker for the disutility of 'involuntary' long hours.
The problem arises that the firm cannot pay all, equally productive, trained workers k 2 .w 2 (k 2 > 1). This would increase marginal pay and hence increase the probability of layoffs. As things stand, the cost of retaining the marginal worker in period 2 is equal to the pay of a marginal worker. However, greater contract efficiency can still be achieved using premium overtime pay via a solution equivalent to the wage contract proposed by Carmichael (1983) . This translates into creating junior and senior jobs for equally trained workers. Junior workers work h 0 hours at a single rate of w 2 while a fixed number of senior workers are guaranteed additional overtime hours at a premium rate, k.w 2 . Eventually, as a senior worker retires or leaves the firm for other reasons, it becomes the turn of a junior worker to be offered the additional premiumrated hours. Total employment is secured through a senior worker being replaced by a junior worker at cost w 2 . The firm's marginal hourly cost is k.w 2 while the marginal hourly replacement cost is w 2 . Efficiency is achieved because the cost of retaining a marginal worker differs from the pay of a marginal worker.
What is the incentive for workers to agree to such an arrangement? It turns out that this overtime pay scheme has the automatic compensating rule ( ) that reduces both inefficient quits and inefficient layoffs (Hart and Ma, 2010) . The incentive is to receive a wage for marginal hours that exceeds the value of the marginal product. Figure 1 illustrates the overtime pay schematic resulting from these developments.
What is the relationship between the contractual wage and the overtime premium in our wage-hours contract? There is an inverse relationship, or
( )
Lowering w 2 increases profit to the firm but also increases the probability of the worker quitting. Hence the wage stopping rule is where the marginal profit to the firm equals to marginal loss of an extra unit reduction of w 2 . Similarly, an increase of k reduces the profit to the firm but increases the probability of the worker staying, which in turn enhances the firm's profit. Hence the premium stopping rule is where the marginal loss to the firm equals to marginal profit of an extra unit increase of k.
In our empirical work, a potential complication to the foregoing theoretical discussion arises if the senior overtime job involves significantly different job tasks from the junior job. To the extent that specific capital derives from task-specific training (see Gibbons and Waldman 2004) , such an internal job change would involve investment write-offs that would run against the rationale of the efficient contract structure. As acknowledged by Carmichael (1983) , the initial training programme would need to produce workers being equally capable of doing the junior and the senior job and, moreover, numbers of workers in junior and senior jobs would need to be set such that marginal product of a worker in each type of job is the same. We tackle this issue empirically in two ways. First, we concentrate on plant and machine operatives. It is more likely that job promotions within this reasonably narrow range of associated blue collar job descriptions would involve quite major overlaps in job tasks thereby making initial training quite relevant to both junior and senior jobs. Second, job tenure in our British individual longitudinal data is defined at 3-digit occupation level. Where an internal job move involves a change in job tasks sufficient to warrant a new 3-digit heading then this marks the start of a new period of tenure. Since we concentrate on job tenure only within single 3-digit occupations we rule out the problem of major changes in job descriptions and associated job tasks.
Empirical Tests
The foregoing model leads to three predictions concerning overtime working.
First, paid overtime is undertaken by senior trained workers in the firm. Second, overtime premium pay is greater than the value of marginal product which in turn is greater than the basic wage or k.w 2 > VMP 2 > w 2 . Third, there is an inverse relationship between w 2 and k.
Consistent with our first prediction, we would expect that the probability of working paid overtime to be positively related to the length of job tenure. For exposition, we concentrate on linear terms in tenure (TEN) and age (AGE). 2 Tenure refers to job tenure defined as the period of time working within a single 3-digit occupation in a given firm.
Let (7)
OV it = 1 if worker i at time t is working paid overtime
In order to accommodate the likely procyclicality of OV it , we include as an explanatory variable the annual change in the national unemployment rate to capture business fluctuations. This requires us to tackle potential standard error biases associated with using an individual-level dependent variable alongside a national-level cyclical indicator. To this end, we adopt the two-step estimation approach first proposed by Solon et al. (1994) .
Step 1 estimation is given by
where BAR it is a dummy denoting an individual's job is covered by collective bargaining, is a year dummy, and I it is a set of industry dummies. From our theory, we expect ̂ . We also expect ̂ or contractual overtime is positively related to jobs in which collective bargaining takes place.
Step 2 estimation is given by
where ΔU t is first-differenced national claimant count unemployment and Year t is a simple time trend. In order to facilitate use of the two-step method, we estimate (9) as a linear probability model using weighted least squares where weights consist of the number of individuals observed in each year. We expect ̂ since the probability of working overtime rises towards cyclical peaks and declines near troughs.
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In the case of the second prediction, that k.w > VMP > w 2 , we offer two tests.
If, as our theory supports, overtime is remunerated under efficient contracts at a rate higher than VMP then we would expect lower job separation probabilities for this class of worker. Given capital specificity, workers may find it difficult to obtain alternative employment that matches their marginal rates of pay.
Let S it denote a binary variable such that (10) S it = 1 if worker i separates from his job at time t S it = 0 otherwise.
Then, following the same empirical approach as before, we specify a linear probability model such that
( ) ∑
where OV it-1 = 1 if the worker worked overtime in the previous period. Note that TEN it = 0 at points of separation. We expect ̂ given younger workers display more job mobility than older workers (e.g. Macaulay, 2003) . As discussed above, we expect ̂ . We also expect that ̂ or there is a reduced probability of separation in jobs covered by collective bargaining.
Step 2 estimation is given by (12) ̂ where we expect ̂ or separations are procyclical.
4
The difficulty with formulating a more direct test of the inequalities in (5) -viz.
is that we require measures of individual productivities. Such variables are not available in our British data sources. However, a modelling approach introduced by Kahn and Lang (1992) -who test for the relative strengths of agency versus human capital theories in predicting long term associations between the wage and VMP -gives us a way to proceed.
Assuming job tenure captures the accumulated productive returns on-the-job, after controlling for general labor market work experience, three relationships are of interest.
where Z is a set of controls and where we expect, given (5), that 1 < 2 < 3 (see Figure   1 ).
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The probability that desired hours exceed contact hours is the probability that the hourly wage (standard or overtime) exceeds VMP. This is expressed
If OV = 1 then k.w > VMP and workers will desire more hours. If OV = 0, w < VMP and less hours would be desired. Using (13), (14) and (15), we can re-write equation (16) as
5 Equations (13) - (15) are estimated using the British Household Panel Dataset (BHPS) since, unlike the NESPD, this data source provides information on workers' desired hours (see the Appendix for discussion). It also allows us to measure work experience (EXP) -given by the number of years in the workforce since the end of full-time education -and this replaces AGE in the relevant regressions.
Providing that the error terms are normally distributed, then (17) can be estimated as a bivariate probit equation. Our theory predicts that (i) the coefficient on tenure should be negative, (ii) the coefficient on OV.TEN should be positive, and (iii) the sum of these coefficients should be positive. Finally, (Γ 1 -Γ 2 ) and (Γ 3 -Γ 1 ) can be any sign for Z and for OV.Z, respectively.
However, there is a problem with estimating (17) as a simple probit. From Table   1 , we find that over half of respondents in our BHPS sample report that they are satisfied with their actual hours. This same problem is found by Kahn and Lang (1992) in their work on agency versus specific capital. They suggest two model modifications to accommodate the problem. Equivalent lines of reasoning apply here.
The first modification is to assume that respondents report an inequality between actual and desired hours only if the deviations are nontrivial. Then we can define a dummy taking the value 1 for a sufficiently large positive deviation, -1 for a sufficiently large negative deviation, and 0 for deviations that do not trigger either of these responses. Then equation (17) can be estimated as an ordered probit.
The second modification concerns the fact that the overtime model outlined here is most relevant to long-term employment relationships that incorporate the objective of minimising quits and layoffs given potential losses of returns to specific capital investments. In effect, our model treats overtime as a guaranteed payment. But we know that paid overtime arises for a range of other, often more ad hoc and shortterm, reasons. The firm may employ overtime hours to meet rush orders, to fill the gap of a temporary shortfall of labor given unanticipated rises in product demand, to provide cover for absenteeism, and so on. So the inequality arising from the structural assumptions behind equation (17) might reasonably be taken to be conditional on an expected long-term employer-worker relationship. A simple bivariate probit is then interpreted as capturing workers who are constrained in this way.
We might also expect that longer term contractual hours arrangements are more likely to apply to experienced, prime-age, workers. For many workers, job shopping in early years in the labor market will result in improved job matches that eventually give the parties more confidence in investing in longer term relationships. Older workers who, for whatever reason, have changed jobs may be less likely to receive significant new job opportunities given shorter expected time horizons in which to amortize investment outlays in training. Accordingly, we carry out estimation both with respect to all plant and machine operatives and those aged between 25 to 45 years. Age distributions of plant and machine operatives over the period 1991-2011 are shown in Figure 2 , covering all workers as well the sub-set working overtime. The two distributions are almost identical. Of all observations, 55% are within the 25-45 age range.
The last prediction from the theory is that ∂k/∂w < 0, or the overtime premium and the hourly standard wage are inversely related. The NESPD provides data on total weekly hours (H), standard weekly hours (HS), weekly overtime hours HP (= H -HS) as well as hourly earnings including overtime (e) and the standard hourly wage (w). Then, for each worker, the average overtime premium, p, is given by
where p it > 0 if , and p it = 0 if .
We investigate the wage-premium trade-off via the wage equation
where logw it is the log of the real basic wage rate (excluding overtime) and where Z it are controls consisting of time and industry dummies. We expect ̂ from the theory.
We estimate (19) by OLS as well as by controlling for individual fixed effects.
Data
Our estimation is carried out using data on British plant and machine operatives The NESPD's coverage of plant and machine operatives embraces over sixty-two 3-digit occupations. These are grouped by process operatives (food drink and tobacco; textile and tannery; chemicals, paper, plastics and related; metal making and treating; metal working; other routine) and by other work (assemblers/lineworkers; road transport; other transport and machinery; plant and machine).
on company payroll records and, unlike the BHPS, it does not rely on self reporting. The comparative advantage of the BHPS is that it allows for a wider set of controls, including household and educational background. For both our data sets, Table 1 shows that over half of individuals/households covered by our plant and machine operators' samples report working paid overtime.
The complete NESPD is comprised of a random sample of 1% of the entire British workforce. Employers complete a questionnaire, based on their payrolls, that relates to a specific week in April. Since the same individuals are in the sample each year, the NESPD is a panel data set. Completing the survey questionnaire is a legal requirement and so the response rate is very high. Since the data are taken directly from the employer's payroll records, the earnings and hours information in the NESPD are considered to be very accurate. A question in the Survey allows us to identify job movers and so we can accurately measure spell lengths of 3-digit level jobs.
The BHPS is an annual survey consisting of a nationally representative sample of about 5,500 households recruited in 1991 and containing a total of approximately 10,000 interviewed individuals in Great Britain. In 1999, additional samples were added consisting of 1,500 households in each of England and Wales. The sample is a stratified clustered design drawn from the Postcode Address File and all residents present at those addresses at the first wave of the survey were designated as panel members.
These same individuals are re-interviewed each successive year and, if they split-off from original households to form new households, they are followed and all adult members of these households are also interviewed. Similarly, new members joining sample households become eligible for interview.
One downside of the BHPS data should be mentioned. In contrast to the NESPD, tenure in the BHPS refers to length of stay in the firm rather than stay within given occupations in the firm. This is clear when comparing lengths of tenure in the two data sets reported in Table 1 . 7 So changes in tenure in the BHPS may involve job promotions that are not accommodated by the assumptions behind our efficient contract design.
From Table 1 we find that standard weekly hours of plant and machine operatives are comparable in the data sets, averaging about 40 hours per week.
Overtime hours of plant and machine operatives are high, averaging around 10/11 weekly hours for those working overtime and around 5/6 hours over all operatives.
Average real weekly earnings in the NESPD and BHPS, including overtime pay, compare closely. The average overtime premium is 1.4 in both surveys. 8 7 Even given the distinction between job tenure and employer tenure, the differences in average tenure lengths -about 2.8 years in the NESPD compared with 5.5 years in the BHPS -appear too large. This arises because interviewees in the BHPS are asked when they started with the current firm and this is recorded as the tenure starting point even if they are first recorded at a later stage. No such retrospective question is asked in the NESPD and this accentuates the tenure gaps between the two panel surveys.
Results
Within 3-digit level jobs, we obtain evidence in Table 2 in support of the prediction that the probability of working paid overtime increases with job tenure. In Section 2, we argue that the NESPD jobs-based data provide a strong test of the proposed contract model because we can control against more senior workers undertaking more overtime due to major changes in job descriptions within the firm.
We note also from Table 2 that the probability of undertaking paid overtime, controlling for job tenure, rises in age. Figure 2 shows that the incidence of overtime working peaks among individuals in their middle 20s to middle 40s. We find that the probability of overtime working is positively related to jobs in which collective bargaining takes place, a result compatible with our wage-hours contract formulation. Finally, and unsurprisingly, the probability of working overtime is found to be strongly procyclical.
Our model provides an incentive to work long hours by paying hourly contract wages for all trained workers below marginal product and hourly overtime pay for longer tenured workers above marginal product. Under such an incentive structure we would expect that this would serve to reduce the probability of job separation among overtime workers. This expected outcome is supported by our results in Table 3 . The probability of separations in a given time period is significantly lower among workers who worked overtime in the previous period. Age is also negatively related to job separations, which is a well known result in the literature. Younger workers generally display more job mobility than older workers (e.g. Macaulay, 2003) . Job separations are found to be less likely to feature in jobs that are subject to collective bargaining agreements, a result plausibly linked to an implied great security of employment. At best, we find that the probability of job separations among plant and machine operatives is weakly procyclical. Table 4 contains the BHPS estimates that are designed to test if our modelling outcomes are consistent with the overtime schematic portrayed in Figure 1 , with k.w 2 > VMP 2 > w 2 . As discussed earlier, we show estimates based on both ordered and simple probits. If these inequalities hold then the prediction is, via equation (17), that the probability desired hours exceed actual hours should correlate (i) negatively with tenure, (ii) positively with tenure interacted with working overtime, and (iii) positively over the sum of these two effects. We argue in Section 3 that there is reason to test the underlying empirical model in respect of all operatives (aged 16 to 65) and prime age operatives (25-45). All three predicted signs hold for both age ranges. However, statistically, the restriction in (iii) is supported by a Wald test only in respect of the narrower age sample.
We plotted the average real hourly wage rates (excluding overtime) associated with estimated average premiums rising in steps of 0.05 in the range 1.0 to 2.0.
Outcomes in respect of all operatives are shown in Figure 3 . For most of the range the relationship is strongly negative. Only at very high average premiums -in excess of 1.55 -does the relationship cease to hold. Only 11.7 % of overtime workers receive an average premium higher than 1.55. In line with this evidence, our wage regression estimates of equations (19), shown in Table 5 , support a significantly negative wagepremium relationship. While individual fixed effects coefficient estimates are somewhat smaller than their OLS equivalents, the estimation methods provide reasonably comparable outcomes.
Conclusion
Given specific training investment combined with information asymmetries, we view premium-paid overtime working as providing a means of the firm and its workers achieving mutual benefits from working long hours. Where work schedules beyond the standard workday are considered to be potentially profitable, then paying for overtime hours above marginal product to senior trained workers and standard hours below marginal product to all trained workers provides a more efficient contractual outcome than the payment of a single hourly wage rate. Despite other motives for working paid overtime, such as to meet short-term unforeseen bottlenecks, our proposed model gains support from evidence based on British plant and machine operatives. 
Appendix: Desired and actual hours in the BHPS

Industry and year dummies Yes
Sample size 74,213
Step 2 estimate Δ (UNEMPLOYMENT) -0.0161** (0.0042)
Constant and time trend Yes
Sample size 21
Notes: Sample: male plant and machine operatives aged 16 to 65. Bracketed figures are standard errors and ** (*) denotes 1% (5%) significance. 
Industry and year dummies Yes
Sample size 51,844
Step 2 estimate Δ (UNEMPLOYMENT) (all separations) -0.0051 (0.0044)
Constant and time trend Yes
Sample size 21
Notes: Sample: male plant and machine operatives aged 16 to 65. Bracketed figures are standard errors and ** (*) denotes 1% (5%) significance. Notes: Bracketed figures are standard errors and ** (*) denotes 1% (5%) significance. OV is a dummy variable that equals 1 if a worker is working paid overtime, otherwise zero. Additional controls in the BHPS regressions are (i) levels of pre-work education (five levels from university degree to legal minimum years of schooling), (ii) a dummy denoting whether cohabiting with partner, (iii) dummy denoting whether divorced, (iv) the age of youngest dependent child, and (v) year fixed effects. 
Year dummies Yes Yes
Industry dummies
Yes - 74,198 74,198 Notes: Dependent variable is log (real basic hourly wage rate). Sample: male plant and machine operatives aged 16 to 65. Bracketed figures are standard errors and ** (*) denotes 1% (5%) significance.
Sample size
